Summary At present, population-based meiotic studies were carried out on six species of genus Clematis for documenting the genetic diversity from selected localities of Himachal Pradesh in the Western Himalayas (India). All the populations are found to be diploid with meiotic chromosome number as 2n=16. Impaired male meiosis was noted in all populations of C. buchananiana, C. connata, C. gouriana, C. grata, C. montana, and C. orientalis. However, male meiosis shows variation in meiotic behaviour in the different populations. The presence of B chromosomes in C. orientalis is reported for the first time, previously, the species is also known to have 2n= 16 but without B chromosomes. These anomalous species were marked with meiotic abnormalities in the form of cytomixis, chromosomal stickiness, unoriented bivalents, formation of laggards and bridges resulting in abnormal microsporogenesis, and production of heterogeneous-sized fertile pollen grains along with reduced pollen fertility.
Meiosis is considered to be one of the most responsive stages in the life cycle of angiospermic plants (Fuzinatto et al. 2008) . All alive organisms, irrespective of their complex organisation, meiotically reduce their chromosome number to generate haploid gametes at the start of sexual reproduction, which balance for fertilisation and maintain the diploid chromosome number over the generations (Golubovskaya 1979 , Pagliarini 2000 . Accurate chromosome separation is necessary for usual cell division and to produce balanced gametes but irregularity during this will cause meiotic abnormalities in the process, which can lead to sterility of gametes as well as variation in their genetic constitution.
Clematis is the second largest genus in the family Ranunculaceae comprising of 250 species worldwide including 32 species from India (Sharma et al. 1993) belong to the tribe Anemoneae in the family Ranunculaceae. This genus is mainly distributed in temperate regions, but it is also found in elevated parts of the tropics. It is a genus of vines, woody or herbaceous, rarely erects shrubs, subshrubs, or perennial herbs. Most of the species are cultivated for ornamental purposes. It is a vigorous climbing, with attractive flowers. Most of the species of the genus are found throughout the temperate regions of both hemispheres and also in mountains in the tropics (Tamura 1993) . It has climbing shrubs with leaves opposite and perianth of single whorl. The genus consists of typically vigorous, woody, climbing vines/lianas, which are mainly distributed in the temperate zone of the north of Earth s equator. The species of the genus are well adapted to high altitudes and are the source of the chemical saponin glycosides, available in the leaves and roots and ornamentals. On the basis of morphological characters the taxonomic research has been carried out on various species of the genus Clematis (Tobe 1980 , Tarasevich and Serov 1986 , Snoeijer 1992 . Some of the previous phylogenetic approaches based on floral and vegetative characters placed Clematis and Anemone in the same tribe (Tamura 1967) .
Materials and methods
For meiotic studies, flower buds were collected from the plants growing in different localities of selected areas of the Western Himalayas (Table 1) and fixed in Carnoy s fixative (6 : 3 : 1 ethanol/chloroform/acetic acid v/v/v) for 24 h and preserved in 70% ethanol at 4 C, until used. Smears of appropriate-sized flower buds were made, using standard acetocarmine technique. Observations are based on 20-50 freshly made slides in each case prepared from different anthers/flowers for different individuals of a particular population. Pollen fertility was estimated by mounting mature pollen grains in glycero-acetocarmine (1 : 1) mixture. Well-filled pollen grains with stained nuclei were taken as apparently fertile, while shrivelled and unstained pollen grains were counted as sterile. Photomicrographs of pollen mother cells (PMCs) and pollen grains were made from temporary slides using Nikon 80i eclipse Digital Imaging System. Voucher specimens were deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN).
Results
Detailed meiotic studies on population basis have been carried out on 10 populations covering six species (C. buchananiana DC., C. connata DC., C. gouriana Roxb. ex DC., C. grata Wall., C. montana Buch.-Ham. ex DC., and C. orientalis L.) belonging to the genus Clematis of the family Ranunculaceae from different localities with altitudinal range of 1400-2600 m. The data regarding Habit, locality, altitude, meiotic chromosome number, ploidy level/meiotic course, pollen size, present and previous chromosome numbers of the presently worked out species on population basis are presented in Table 1 .
C. buchananiana DC. is a tall woody climber with stems hairy; leaves pinnate, broadly ovate to suborbicular-cordate; flowers numerous and achenes densly hairy. It is found as a climber on apple trees between 1300-2500 m altitudes. The present chromosomal count of 2n=16 is confirmed from the presence of eight bivalents at diakinesis (Fig. 1) in two populations and is in line with the previous reports from India. B chromosomes are also reported with diploid cytotype (2n=16+0-1B) by Bir and Thakur (1984) .
C. connata DC. is commonly known as Himalayan Clematis. It is a vigorous climber with branches slightly grooved; leaves pinnate and flowers delicate, nodding, yellow bells with recurved sepals. It is also found as a climber on trees from 1600 m altitudes. Meiosis of the species shows 2n=16 confirmed from the presence of eight large sized bivalents at diakinesis (Fig. 9 ). This chromosome count is in accordance with the previous similar reports from India.
C. gouriana Roxb. ex DC. is commonly known as Gourian Clematis or Indian Travelers Joy. It is a large climber; branches grooved; leaves ovate-oblong; five leaflets; flowers fragrant, green-whitish in color with glabrous filaments and achenes hairy. The species is rare and found between 600-2000 m altitudes. The species is used to cure cough and rheumatism (Silja et al. 2008) . At present, two accessions studied from Bogdhar (1400 m) and Tillordhar (1800 m) depict 2n=16 as confirmed from the presence of eight bivalents at diakinesis (Fig. 18 ) which is in conformity with the previous reports from India (Mehra and Kaur 1963) and from outside India. The species is also known to have 2n= 42, 48, 50 from India (Sharma and Sharma 1957) . C. grata Wall. is commonly known as Charming Clematis. It is also seen as a climber on trees with branches deeply furrowed, densely hairy; leaves on 3-4 cm long petiole and flowers small, in clusters, cream-colored, fragrant with spreading petals. It has been collected between 1500-2500 m altitudes. The species is medicinally importat and is used for the treatment of Jaundice (Jan et al. 2009 ). During meiosis, the PMCs shows eight large sized bivalents at M-I (Fig. 26) in two populations. The present chromosome count of 2n=16 is in line with the previous reports from India (Bir et al. 1987, Kumar and Singhal 2011 It is met with as climber on Cedrela toona trees between 800-2700 m altitudes. Meiotic chromosome number of 2n=16 is confirmed from the presence of eight bivalents at diakinesis (Fig. 34) in two accessions and found to be in agreement with the previous reports from India (Bhattacharjee and Sharma 1980) and from outside India (Schneider 1963 ). The species is also known to have 2n=32 (Schneider 1963 ) and 2n= 48 (Bir et al. 1987) .
Thus the species has euploid races on x =8 (2x, 4x, 6x pubescent, long, slender; leaves bi-pinnate; leaflet blades grey-green; flowers yellow and filaments shorter than anthers. It is also found climbing on shrubs from 2600 m altitudes. Meiosis of the species depicts 2n=16+(0-1B) counted in the PMCs at diakinesis (Fig. 42) . The presence of B chromosomes in the species is reported for the first time, previously, the species is also known to have 2n=16 but without B chromosomes. All the presently worked out 10 accessions of six species of Clematis have been observed to be invariably meiotically abnormal (Tables 2, 3) . Further, cytomixis in the form of narrow and broad cytomictic channels as well as with transfer of chromatin between groups of PMCs is very common (Figs. 3, 10, 19, 27, 28, 35, 43) . Transfer of chromatin material resulted into the formation of hypo-and hyperploid PMCs (Fig. 35) . Chromatin mass is also observed in PMCs at prophase stage (Figs.  12, 20) . The chromosomal stickiness either involved a few bivalents or the whole complement forming clump at 11, 36, 44) . Other associated meiotic abnormalities are observed at various stages of meiosis-I/II in the form of unoriented bivalents at M-I, formation of chromatin bridges and laggards and multipolarity (Figs. 4, 5, 13, 14, 21, 22, 29, 30, 31, 37, 38, 39, 45, 46) . All these abnormalities cause abnormal microsporogenesis, leading to the formation of dyads, triads and polyads with or without micronuclei (Figs. 6, 7, 15, 16, 23, 24, 32, 40, 47, 48) . The result is the production of variable sized pollen grains, causing conspicuous pollen sterility (Figs. 8, 17, 25, 33, 41, 49) .
Discussion
From chromosome numbers determined so far, including the presently-added cytotypes, of 250 taxonomically known species, 129 (51.60%) species have been investigated in the form of 137 cytotypes with a wide range of chromosome numbers: 2n=16, 26, 32, 42, 48, 49, 50, 64 . The genus is strictly monobasic (x=8) having 13 (10.07%) polyploid species reaching upto 8x level. Intraspecific euploidy and aneuploidy is noticed in three and four species, respectively. On the basis of data for India, however, of 32 reported species, 20 (62.50%) species have been distributed in the form of 26 cytotypes (2n=16, 42, 48, 50, 64) based on x= 8, with five (25.0%) species being polyploid, reaching upto 8x level.
The meiotic abnormalities in the form of cytomixis, chromatin stickiness, unoriented bivalents, inter-bivalent connections, bridges, laggards or multipolar spindle have been observed at different stages of meiosis. These meiotic abnormalities point out the existence of intraspecific genetic diversities. Such genetic differences have been seen formerly in different plant species (BaptistaGiacomelli et al. 2000) . Cytomixis and chromatin stickiness are considered to be the result of genetic factors (Bellucci et al. 2003 , Ghaffari 2006 ) and environmental factors (Nirmala and Rao 1996) as well as genomicenvironmental interaction (Baptista-Giacomelli et al. 2000) , and seem to be equally applicable to the presently investigated populations. Cytomixis and meiotic irregularities in anaphase separation of chromosomes may be possible mechanisms for the formation of large sized pollen grains and low pollen fertility in these meiotically abnormal populations, as has been reported earlier in several angiosperms (Gupta et al. 2009 , Kumar et al. 2008 . Hypo and hyperploid PMCs produced due to cytomixis (Falistocco et al. 1995) accompanied by erstwhile meiotic abnormalities possibly will direct to irregular microsporogenesis ensuing in the formation of variable-sized pollen grains probably with an aneuploid condition (Sheidai et al. 2003) .
